The average symbol error probability (ASEP) and outage probability (OP) performance of mobile-to-mobile (M2M) senor networks employing transmit antenna selection (TAS) and selection combining (SC) over N-Nakagami fading channels are investigated in this paper. Based on the moment generating function (MGF) approach, the exact ASEP expressions are derived for several modulation schemes. The exact closed-form OP expressions are also presented. Then, the ASEP and OP performance under different conditions are evaluated through numerical simulations to confirm the accuracy of the analysis. The simulation results show that the number of antennas, the fading coefficient, and the number of cascaded components have an important influence on the ASEP and OP performance.
Introduction
Mobile-to-mobile (M2M) communication is an important proximity communication technology [1] . M2M communication has many advantages, such as increasing data rate, reducing energy cost, reducing transmission delays, and extending coverage area [2, 3] . M2M communication can enable new peer-to-peer and location-based applications and services. Due to its advantages, M2M communication is widely employed in mobile sensor networks. In contrast to conventional fixed-to-mobile (F2M) cellular radio systems, in M2M sensor networks, both the transmitter senor and the receiver senor are in motion and equipped with low elevation antennas. The classical Rayleigh, Rician, or Nakagami fading channels are not applicable to M2M sensor networks. The double-Rayleigh and double-Nakagami fading models have been considered for M2M channel in [4, 5] . Meijer's Gfunction was used to analyze the N-Nakagami distribution in [6] .
Multiple-input multiple-output (MIMO) technology has been proposed as a promising solution for the high datarate coverage required in M2M senor networks. To improve the spectral efficiency or the reliability of M2M wireless communications over fading channels, the spatial diversity schemes are widely employed in MIMO system, such as maximal ratio combining (MRC), equal gain combining (EGC), and selection combining (SC). Unfortunately, MRC and EGC require channel state information, which can be difficult to obtain. On the contrary, SC only employs one of the diversity branches, and so it is a low complexity solution. The end-to-end performance of transmit antenna selection (TAS) and MRC in dual-hop amplify-and-forward (AF) relay network over Nakagami-fading channels was investigated in [7] . In [8] , the exact and asymptotic expressions for the symbol error rate (SER) of TAS/SC and TAS/MRC in a two-hop AF relay network over Nakagami-fading channels were derived. The impact of outdated channel state information (CSI) and multiple cochannel interferers (CCI) on the performance of TAS/MRC in a dual-hop AF MIMO relay network over Rayleigh fading channels was investigated in [9] . The expressions for exact, approximate, and asymptotic SER of TAS/MRC MIMO systems for several modulation schemes over -fading channels were derived in [10] . In [11] , a comprehensive analytical framework on the performance 2 International Journal of Distributed Sensor Networks of MIMO multihop AF relay network employing TAS/MRC in the presence of randomly located interferers over Rayleigh fading channels was provided.
To the best knowledge of the author, in [7] [8] [9] [10] [11] , the performance of TAS/MRC and TAS/SC is investigated over Rayleigh, Nakagami-, and -fading channels. The performance of the TAS/SC M2M senor networks has not been investigated in the literature. Motivated by the above discussion, we aim to extend the TAS/SC technique to M2M senor networks over N-Nakagami fading channels. The N-Nakagami fading channels are more complex than Rayleigh, Nakagami-, and -fading channels. The main contributions are listed as follows:
(1) Closed-form expressions are provided for the probability density function (PDF) and cumulative density functions (CDF) of the signal-to-noise ratio (SNR) over N-Nakagami fading channels. These are used to derive exact average symbol error probability (ASEP) expressions for several modulation schemes. These exact ASEP expressions are based on the moment generating function-(MGF-) based approach.
(2) The exact closed-form expressions for outage probability (OP) are also derived. These OP expressions are based on the CDF-based approach.
(3) The accuracy of the analytical results under different conditions is verified through numerical simulations.
Results are presented which show that the fading coefficient, number of cascaded components, and number of antennas have a significant influence on the ASEP and OP performance.
(4) The derived ASEP and OP expressions can be used to evaluate the ASEP and OP performance of the M2M senor networks employed in intervehicular communications, intelligent highway applications, and mobile ad hoc applications.
The rest of the paper is organized as follows. The M2M senor networks model is presented in Section 2. Section 3 provides the exact ASEP expressions for several modulation schemes. In Section 4, the exact closed-form OP expressions are presented. Section 5 conducts Monte Carlo simulations to illustrate the ASEP and OP performance. Concluding remarks are given in Section 6.
The M2M Senor Networks Model
Z follows N-Nakagami distribution, which is given as [ 
where is the number of cascaded components and is a Nakagami distributed random variable with PDF as
where Γ(⋅) is the Gamma function, is the fading coefficient, and Ω is a scaling factor. With the help of [6] , the PDF of is given as
where
First, we consider an SC receiving senor network operating over N-Nakagami fading channels. We will assume that there is 1 antenna at the transmitter senor and antennas at the receiver senor. The instantaneous SNR of the jth antenna at the receiver senor is given as
where is the channel gain, which follows N-Nakagami distribution.
is the transmitted symbol's average energy and 0 is the single-sided AWGN power spectral density. The corresponding average SNR is given as
where ( ) denotes expectation. The CDF of can be derived as [6] ( ) = 1
The corresponding PDF can be obtained as [6] ( ) = 1
At the receiver side, the SNR at the output of an SC combiner can be given as [12] = max ( 1 , 2 , . . . , ) .
We assume that the branches in the system are subject to independently and identically distributed (i.n.i.d.) N-Nakagami fading. The average SNR can be given as = .
(9)
The CDF of is given as
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On the basis of the above, let us consider a TAS/SC senor network over the N-Nakagami fading channels. We will assume that there are antennas at the transmitter senor and antennas at the receiver senor. The best transmit antenna is selected from antennas at the transmitter senor. Let represent the SNR at the output of a TAS/SC combiner. The corresponding PDF can be given as [13] 
The MGF of is given as
Average Symbol Error Probability
Using MGF method, the ASEP is given as [14] 
For M-ary pulse amplitude modulation (PAM), = 1, 1 = 2( − 1)/( ), 1 = /2, 1 = 3/( 2 − 1), 1 = 0, and Λ 1 = −1/2, the ASEP is given as
For M-ary phase shift keying (PSK) modulation, = 1, 1 = 1/ , 1 = ( − 1) / , 1 = sin 2 / , 1 = 0, and Λ 1 = −1/2, the ASEP is given as
For M-ary quadrature amplitude modulation (QAM), = 2, we will consider two cases: when 1 = /2, 1 = 4( √ − 1)/( √ ), 1 = 3/(2 − 2), 1 = 0, and Λ 1 = −1/2; when 2 = /4, 2 = −4( √ − 1) 2 /( ), 2 = 3/(2 − 2), 2 = 0, and Λ 2 = −1/2; the ASEP is given as
(17)
The Outage Probability
The outage probability is given as
where th is a given threshold. Substituting (12) into (18), we can obtain 
Numerical Results
In this section, we present Monte Carlo simulations to confirm the derived analytical results. Additionally, random number simulation was done to confirm the validity of the analytical approach. All the computations were done in MATLAB and some of the integrals were verified through MAPLE. For the simplicity, we use the (K, L) to represent the antenna configurationof the M2M senor networks. Figure 1 presents the impact of the number of antennas on ASEP performance of the M2 M senor networks over N-Nakagami fading channels with QPSK. The number of antennasis (2, 2), (3, 2) , and (4, 2) . The fading coefficient is = 2. The number of cascaded components is = 2. Simulation results match well with the theoretical results. Simulation results show that the ASEP performance is improved with the increase of the number of antennas. For example, when SNR = 8 dB, the ASEP of (2, 2) is 9.7 × 10 −3 , the ASEP of (3, 2) is 3.7 × 10 −3 , and the ASEP of (4, 2) is 1.8 × 10 −3 . When the number of antennas is fixed, the ASEP is reduced gradually with the increase of SNR. Figure 2 presents the impact of the fading coefficient on the ASEP performance with QPSK. The number of antennasis (2, 2) . The fading coefficient is = 1, 2, 3. The number of cascaded components is = 2. Simulation results show that the ASEP performance is improved as the fading coefficient increases. For example, when SNR = 10 dB and = 1, the ASEP is 1.0 × 10 −2 . When = 2, the ASEP is 2.8 × 10 −3 . When = 3, the ASEP is 1.6 × 10 −3 . This is because the fading severity of the N-Nakagami channels degrades as increases. When is fixed, with the increase of SNR, the ASEP is reduced gradually. Figure 3 presents the impact of the number of cascaded components on the OP performance. The number of antennasis (2, 2). The fading coefficient is = 2. The number of cascaded components is = 2, 3, 4. Simulation results show that the OP performance is degraded as increases. For example, when SNR = 8 dB and = 2, the OP is 1.3 × 10 −2 . When = 3, the OP is 3.7 × 10 −2 . When = 4, the OP is 7.0 × 10 −2 . This is the reason that the fading severity of the N-Nakagami channels increases as increases. When the is fixed, the OP is reduced gradually with the increase of SNR.
Conclusions
The ASEP and OP performance of the M2M senor networks over N-Nakagami fading channels are investigated in this paper. The exact ASEP and OP expressions are derived.
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The simulation results show that the number of antennas, the fading coefficient, and the number of cascaded components have an important influence on the ASEP and OP performance. Compared with the derived ASEP and OP expressions in [5] [6] [7] [8] [9] , the derived ASEP and OP expressions for N-Nakagami fading channels are more complex. The derived ASEP and OP expressions can be used to evaluate the ASEP and OP performance of the M2M senor networks employed in intervehicular, intelligent highway, and mobile ad hoc applications. We assume that the channels in the M2M senor networks are subject to independent and identically distributed N-Nakagami fading channels. In the actual environment, the channels are correlated. In the future, we will consider the impact of the correlated channels on the ASEP and OP performance of the M2M senor networks.
